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MEMBER AND MEMBER 
MANUFACTURING METHOD 

FIELD OF THE INVENTION 

The present invention relates to a member which includes 
a porous region, and a member manufacturing method of 
forming a porous region at the final stage or intermediate 
Stage. 

BACKGROUND OF THE INVENTION 

Application fields of porous silicon as a porous member 
include, e.g., the manufacture of an SOI (Silicon On Insu 
lator or Semiconductor On Insulator) substrate. For 
example, Japanese Patent Laid-Open No. 5-21338 discloses 
a method of manufacturing an SOI substrate using porous 
silicon. In the SOI substrate manufacturing method dis 
closed in Japanese Patent Laid-Open No. 5-21338, a non 
porous Silayer (a layer to eventually serve as an SOI layer) 
is formed on a porous Si layer, and the first substrate 
including the nonporous Silayer is bonded to the second 
Substrate such that an insulator is located on the nonporous 
Silayer. Then, a portion from the back surface of the first 
substrate to porous silicon is removed from the bonded 
substrate stack, thereby obtaining an SOI substrate having 
the nonporous Silayer on a buried insulating layer. 

Japanese Patent Laid-Open No. 5-21338 does not con 
sider a porous structure in a region (e.g., a region from the 
surface to a depth of 100 nm) in the vicinity of the surface 
of the porous Si layer formed in the porous Si layer 
formation step. 

Recently, demands have arisen for a thinner SOI layer as 
an active layer of an SOI substrate. The present inventors 
have found that the structure of a region in the vicinity of the 
Surface of a porous Silayer to serve as an underlying layer 
for an SOI layer is extremely important in thinning the SOI 
layer. As will be described later in detail, the present 
inventors also have found that the surface layer of a substrate 
on which a porous Si layer is to be formed, having a 
hydrogen concentration higher than that of the remaining 
portion, affects the structure of the porous Silayer to be 
formed. 
As prior-art references that pertain to adverse effects 

produced by diffusion of hydrogen in an Si substrate without 
a porous Si region, i.e., a general Si Substrate and measures 
against them, there are available Japanese Patent Laid-Open 
Nos. 7-45573 and 5-21371. Japanese Patent Laid-Open Nos. 
7-45573 and 5-21371, however, have nothing to do with 
application technology of porous silicon and, more particu 
larly, a technique for processing a material Substrate to form 
a thin high-quality nonporous layer on a porous Silayer. 

SUMMARY OF THE INVENTION 

The present invention has been made on the basis of the 
above-mentioned findings by the present inventors, and has 
as its object to provide a porous structure which exhibits 
high uniformity even when evaluated at a high resolution 
(high evaluation standard) of not more than several nm or 
several ten nm or provide a technique for manufacturing a 
high-quality member (e.g., an SOI substrate) using the same 
porous structure. 
The present invention has various aspects. Some aspects 

of the present invention will be illustrated below. 
According to the first aspect of the present invention, 

there is provided a member which includes a porous region, 
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2 
characterized in that in a region at a depth within a range 
from 5 to 100 nm from a surface of the porous region made 
of silicon, a thickness of a porous wall between pores, a 
density of pores, and a porosity are Substantially uniform. 

According to the second aspect of the present invention, 
there is provided a member which includes a porous region, 
characterized in that in a region at a depth within a range 
from 5 to 100 nm from a surface of the porous region made 
of silicon, a thickness of a porous wall between pores, a 
density of pores, and a porosity vary to have values half to 
twice corresponding reference values. 

According to the third aspect of the present invention, 
there is provided a member which includes a porous region, 
characterized in that if evaluation is performed at an arbi 
trary depth within a range from 5 to 100 nm from a surface 
of the porous region, a mean of thicknesses of porous walls 
between pores at a predetermined depth within the range is 
half to twice a mean of thicknesses of porous walls between 
pores at a depth of not less than 100 nm from the surface of 
the porous region. 

According to the fourth aspect of the present invention, 
there is provided a member which includes a porous region, 
characterized in that if evaluation is performed at an arbi 
trary depth within a range from 5 to 100 nm from a surface 
of the porous region, a porosity at a predetermined depth 
within the range is half to twice a porosity at a depth of not 
less than 100 nm from the surface of the porous region. 

According to the fifth aspect of the present invention, 
there is provided a member which includes a porous region, 
characterized in that if evaluation is performed at an arbi 
trary depth within a range from 5 to 100 nm from a surface 
of the porous region, a density of pores at a predetermined 
depth within the range is half to twice a density of pores at 
a depth of not less than 100 nm from the surface of the 
porous region. 

According to the sixth aspect of the present invention, 
there is provided a member which includes a porous region, 
characterized in that the member is obtained by making a 
resistivity of a region from a surface of a material member 
to a depth of 100 nm substantially uniform in a direction of 
depth and then anodizing the member. 

According to the seventh aspect of the present invention, 
there is provided a member which includes a porous region, 
characterized in that the member is obtained by making a 
resistivity in a vicinity of a surface of a material member 
substantially uniform in a direction of depth and then 
anodizing the member. 
The characteristic members illustrated as the first to 

seventh aspects provide a porous region with high unifor 
mity even when evaluated at a resolution not heretofore 
considered, i.e., a high resolution (high evaluation standard) 
of not more than several nm or several ten nm. 
The present invention, which has been exemplified as the 

first to fifth aspects, is particularly advantageous in an 
application in which the porous region contains silicon. 
The present invention, which has been exemplified as the 

sixth and seventh aspects, is particularly advantageous in an 
application which uses a material member containing silicon 
as the material member. 

According to the eighth aspect of the present invention, 
there is provided a method of manufacturing a member, 
characterized by comprising an adjustment step of adjusting 
a resistivity in a vicinity of a Surface of a material, and a 
porosification step of porosifying the material from the 
Surface of the material to a deep portion by anodizing to 
form a porous region. Forming a porous region after adjust 
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ing the resistivity in the vicinity of the surface of the material 
can, e.g., control the structure of the porous region to be 
formed. 

According to a preferred embodiment of the present 
invention, the adjustment step can be performed Such that a 5 
resistivity of a region from the surface of the material to a 
depth of 100 nm is substantially uniform in a direction of 
depth. 

Alternatively, the adjustment step can be performed Such 
that the resistivity in the vicinity of the surface of the 
material is substantially uniform in a direction of depth. 

Alternatively, the adjustment step can be performed Such 
that the resistivity in the vicinity of the surface of the 
material decreases. 

Alternatively, the adjustment step can comprise a step of 
annealing the material. The annealing step preferably com 
prises a step of annealing the material at not less than 50° C. 
in an oxygen-containing atmosphere. Alternatively, the 
annealing step preferably comprises a step of annealing the 
material at 50° C. to less than 1,100° C. in a rare gas 
atmosphere. Alternatively, the annealing step preferably 
comprises a step of annealing the material in clean air. 
The manufacturing method according to the eighth aspect 

of the present invention is particularly advantageous in the 
following application. That is, the manufacturing method 
according to the eighth aspect of the present invention 
preferably further comprises a growth step of growing at 
least one layer including a semiconductor layer on the 
porous region. The manufacturing method preferably further 
comprises a bonding step of bonding a second member to a 
surface of a member on which the at least one layer is 
formed to form a bonded member stack after the growth 
step. The manufacturing method preferably further com 
prises a removal step of removing a portion from an exposed 
surface of the member in the bonded member stack to the 
porous region after the bonding step. 

At least one layer preferably includes an insulating layer 
formed Subsequently to formation of the semiconductor 
layer. Alternatively, at least a surface of the second member 
may be made of an insulator. In these cases, an SOI substrate 
which has a semiconductor layer on a buried insulating layer 
can be obtained through the manufacturing method. This 
application to the manufacture of an SOI substrate makes it 
possible to provide an SOI layer which has a thickness of 
e.g., 100 nm or less, and more preferably, several ten nm or 
less and has very few defects. 

Other features and advantages of the present invention 
will be apparent from the following description taken in 
conjunction with the accompanying drawings, in which like 
reference characters designate the same or similar parts 
throughout the figures thereof. 
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55 
The accompanying drawings, which are incorporated in 

and constitute a part of the specification, illustrate embodi 
ments of the invention and, together with the description, 
serve to explain the principles of the invention. 

FIGS. 1A to 1F show a method of manufacturing an SOI 
Substrate according to a preferred embodiment of the present 
invention; 

FIGS. 2A to 2C illustrate a low-porosity layer formed in 
the vicinity of the Surface of a porous Silayer and a process 
in which projections and recesses are formed at an interface 
between the porous Silayer and a nonporous Silayer to be 
formed thereon due to the low-porosity layer; 
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FIG. 3 is a graph showing the result of evaluating by SR 

measurement the dependences on the depth of resistivities 
obtained when annealing is performed and when annealing 
is not performed; 

FIGS. 4A and 4B are graphs showing the dependences on 
the depth of the thicknesses of porous walls of porous silicon 
obtained when annealing is performed and when annealing 
is not performed; 
FIGS.5A and 5B are graphs showing the dependences on 

the depth of the porosities of porous silicon obtained when 
annealing is performed and when annealing is not per 
formed; 

FIGS. 6A and 6B are graphs showing the dependences on 
the depth of the densities of pores of porous silicon obtained 
when annealing is performed and when annealing is not 
performed: 

FIGS. 7A and 7B are graphs showing the dependences on 
the depth of the densities of porous silicon obtained when 
annealing is performed and when annealing is not per 
formed; 

FIG. 8 is a table showing the surface roughnesses of SOI 
Substrates obtained when annealing is performed and when 
annealing is not performed, which have undergone removal 
by etching of residual porous silicon after the division step; 

FIG. 9 is a table showing the dependence on the depth of 
the structure of porous silicon when annealing is performed; 

FIG. 10 is a table showing the dependence on the depth 
of the structure of porous silicon when annealing is not 
performed; and 

FIG. 11 is a schematic view showing the structure in the 
vicinity of the surface of a porous Si layer obtained by 
annealing and anodizing an Si wafer. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Preferred embodiments according to the present invention 
and their advantages will be described with reference to the 
accompanying drawings. 
A method of manufacturing an SOI substrate as a pre 

ferred application of a porous structure according to the 
present invention will be described with reference to FIGS. 
1A to 1F. 

In the annealing step shown in FIG. 1A, a silicon Substrate 
Such as a p-type single-crystal Si Substrate (seed Substrate) 
11 serving as a material Substrate is annealed. This annealing 
causes the resistivity of the vicinity of the Surface (e.g., a 
region from the surface to a depth of about 100 nm) of the 
Si substrate 11 to substantially coincide with that of a deep 
portion (e.g., a portion at a depth of 100 nm or more from 
the Surface). A general p-type single-crystal Si Substrate has 
higher resistivity in the vicinity of the surface than at the 
deep portion. This is because an undesirable diffused impu 
rity Such as hydrogen 1 is present in the vicinity of the 
Surface. The annealing can be performed Such that the 
hydrogen 1 in the vicinity of the surface can be released 
outside the Si substrate 11. This step will be described later 
in detail. 

In the anodizing step shown in FIG. 1B, the surface of the 
Si substrate 11 is made porous to form a porous Silayer 12. 
The anodizing step includes, e.g., a step of filling a space 
between a pair of electrodes with an anodizing solution Such 
as a solution containing HF (hydrogen fluoride), arranging a 
substrate to be processed (i.e., the Si substrate 11) between 
the pair of electrodes, and Supplying a current between the 
electrodes. 
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Annealing the Si Substrate 11 prior to the anodizing step, 
as described above, makes it possible to cause a porous 
structure in the vicinity of the Surface (e.g., a region at a 
depth of 10 nm to 100 nm from the surface) of the porous 
Silayer 12 to be formed to substantially coincide with that 
at a deeper portion (e.g., a region at a depth of more than 100 
nm from the surface) or obtain an allowable porous structure 
both in the vicinity of the surface and at the deep portion. An 
allowable porous structure means a structure from which an 
SOI layer with a desired thickness can eventually be 
obtained. The porous structure in the vicinity of the surface 
can affect the structure and planarity of a nonporous Silayer 
(to eventually serve as an SOI layer) to be formed thereon. 

In the growth step shown in FIG. 1C, a nonporous 
semiconductor layer Such as a nonporous single-crystal Si 
layer (SOI layer) 13 is grown on the porous Silayer 12. The 
nonporous single-crystal Silayer 13 is typically formed by 
epitaxial growth. Subsequent to the formation of the non 
porous single-crystal Silayer 13, an insulating layer Such as 
a silicon oxide insulating layer (buried insulating layer) 14 
is preferably formed on the nonporous single-crystal Silayer 
13. The silicon oxide insulating layer 14 can be formed by, 
e.g., oxidizing the Surface of the nonporous single-crystal Si 
layer 13 by thermal oxidation. 

In the bonding step shown in FIG. 1D, a second substrate 
(handle substrate) 20 is bonded to the silicon oxide insulat 
ing layer 14 side of a first substrate 10 formed in the growth 
step shown in FIG. 1C to form a bonded substrate stack 30. 
As the second substrate 20, e.g., an Si substrate, Si substrate 
having an insulating layer on its Surface, or insulating 
Substrate Such as a glass Substrate can be adopted. If the 
silicon oxide insulating layer 14 is not formed in the growth 
step, a Substrate having an insulator at least on its Surface can 
be adopted as the second substrate 20. 

In the division step shown in FIG. 1E, the bonded 
substrate stack 30 is divided into two substrates at the porous 
Silayer 12. At this time, the bonded substrate stack 30 can 
be divided at the periphery of the porous Silayer 12 or at the 
interface between the porous Silayer 12 and either of the 
two adjacent layers. With this operation, a portion from the 
back surface to the porous Silayer 12 is removed from the 
first substrate 10 constituting part of the bonded substrate 
stack 30. The division step can be performed by injecting a 
fluid to the porous Silayer 12 or its vicinity while rotating 
the bonded substrate stack 30. Such a method is an appli 
cation of a waferjet method. In place of the division step, a 
portion from the back surface to the porous Silayer 12 may 
be removed from the first substrate 10 constituting part of 
the bonded substrate stack 30 by etching, polishing, or the 
like. 

In the post-process step shown in FIG. 1F, the surface of 
the second Substrate 20 having undergone the division step 
shown in FIG. 1E is subjected to the etching step and/or the 
Surface planarization step (e.g., the polishing step or anneal 
ing step), thereby obtaining an SOI substrate 40 which has 
the nonporous single-crystal Si layer 13 having a desired 
thickness and desired surface planarity. The nonporous 
single-crystal Silayer 13 is an SOI layer arranged on the 
silicon oxide insulating layer 14. 
The annealing step shown in FIG. 1A and its advantages 

will be described below. 
A porous Silayer is formed on a commercially available 

p-type single-crystal Si Substrate without annealing (FIG. 
1B). The substrate is then subjected to the growth step (FIG. 
1C), bonding step (FIG. 1D), and division step or removal 
step (FIG. 1E). In the post-process step (FIG.1F), a residual 
porous Silayer 12b is removed to obtain an SOI substrate. 
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The surface of the SOI substrate can have projections and 
recesses which have a height difference of, e.g., 30 nm to 50 

. 

These recesses serve as recessed defects of the SOI layer. 
If the recesses are deep enough to reach the second substrate 
(handle substrate) 20, they become pinholes to cause HF 
defects in the SOI layer 13. An HF defect can be caused by 
processing an SOI substrate with an HF (hydrogen fluoride) 
Solution. 
The present inventors have found that a low-porosity 

layer formed in the vicinity of the porous Silayer 12 causes 
a recess such as a pinhole as described above. A low 
porosity layer formed in the vicinity of the surface of the 
porous Silayer and a process in which excessive projections 
and recesses are formed in the surface of the SOI substrate 
due to the low-porosity layer will be described below with 
reference to FIGS 2A to 2C. 

FIGS. 2A, 2B, and 2C are sectional views schematically 
showing partial substrates in the steps shown in FIGS. 1B, 
1C, and 1F, respectively. It is found that anodizing a com 
mercially available p-type Si substrate without annealing 
can cause the vicinity of the Surface to have a structure 
shown in FIG. 2A. More specifically, if the porous Silayer 
12 is formed by anodizing without annealing, it becomes a 
layer (to be referred to as a roughness layer hereinafter) 101 
whose region from the surface to a depth of about 10 nm has 
a large number of recesses. A region at a depth of about 10 
to 35 nm from the surface becomes a layer (to be referred to 
as a low-porosity layer hereinafter) 102 which has a small 
number of pores and a low porosity. A region at a depth of 
more than 35 nm from the surface becomes a layer (to be 
referred to as a standard porosity layer hereinafter) 103 
which has more pores than the low-porosity layer 102 and a 
substantially uniform porosity. The porosity of the standard 
porosity layer 103 can be controlled by, e.g., the composi 
tion of the anodizing Solution (e.g., an HF-containing solu 
tion), the amperage of a current Supplied between the 
electrodes, and the like. Also, the porosity of the standard 
porosity layer 103 can be determined such that the porous Si 
layer 12 does not collapse before the division step but easily 
collapse in the division step by a force of, e.g., a fluid. 

If the nonporous single-crystal Silayer 13 is epitaxially 
grown on the Substrate having the roughness layer 101 and 
low-porosity layer 102, the recesses in the roughness layer 
101 may be filled up, as shown in FIG. 2B. The pores in the 
low-porosity layer 102 may be filled partially, i.e., from the 
surface (interface with the roughness layer 101) of the 
low-porosity layer 102 to a depth of about several nm but is 
not filled completely. The silicon oxide insulating layer 14 is 
formed on this substrate (FIG. 1C), which is bonded to the 
second substrate (handle substrate) 20 to form the bonded 
substrate stack 30 (FIG. 1D). The bonded substrate stack 30 
is divided into two (FIG. 1E), and the residual porous Si 
layer 12b on the surface is dissolved and removed by 
etching. As shown in FIG. 1C, recessed defects (some of 
them are pinholes) 110 remain in the surface and their depths 
depend on the thickness of the low-porosity layer 102. An 
example of an experimental result will be given. If the SOI 
layer 13 with a thickness of 20 nm was formed, about 20,000 
recessed defects (including pinholes) were observed on a 
wafer having a diameter of 200 mm. 
As described above, generation of the recessed defects 

(including pinholes) in the SOI layer is closely related to the 
presence of the low-porosity layer. One solution of forming 
an extra-thin (e.g., a thickness of 30 nm, or 20 nm or less) 
SOI layer while suppressing recessed defects to fall within 
a tolerance is to reduce, and more preferably, eliminate the 
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low-porosity layer 102 in the vicinity of the porous Silayer 
12 serving as an underlying layer of the semiconductor layer 
(single-crystal Silayer) 13 to be used as the SOI layer. Note 
that anodizing so as to increase the porosity of a portion 
corresponding to the low-porosity layer 102 will excessively 
increase the porosity of the standard porosity layer below the 
portion. This means that the low-porosity layer 102 may 
collapse before the division step. 

In a region from the Surface to a depth of about 5 nm, 
pores are filled up by the epitaxial growth step (FIG. 1C) of 
the nonporous single-crystal Silayer 13. Accordingly, the 
low porosity of this region does not induce recessed defects. 

Investigation of the generation mechanism of a low 
porosity layer is important in controlling the structure of the 
vicinity of the surface of the porous Silayer 12. Intensive 
study of the present inventors have resulted in successful 
determination of the low-porosity layer generation mecha 
nism. 
An Si Substrate is typically subjected to polishing and 

alkali cleaning before anodizing. An alkaline Solution and 
silicon react with each other to generate hydrogen in the 
following manner. 

Hydrogen is known to diffuse up to a depth of about 3 um 
in the Si Substrate during cleaning. Diffused hydrogen 
deactivates a dopant (e.g., boron serving as an acceptor of a 
p" wafer) and thus increase the resistivity in the vicinity of 
the Si substrate. If the substrate which has two layered 
regions with different resistivities is anodized with a con 
stant current, a low-porosity layer is formed in a region of 
about several ten nm in thickness from the interface between 
the two regions with different resistivities to the higher 
resistivity side (i.e., the surface side of the substrate). This 
phenomenon may occur for the following reason. In anod 
izing, a plurality of pores grow in a high-resistivity region. 
When some of them reach a low-resistivity region ahead of 
the others, currents concentrate on the leading pores. As a 
result, only the leading pores grow while the others stop 
growing. This phenomenon has also been reported by other 
researchers (S. Frohnhoffetal. Thin Solid Films, 1995, 255, 
59–62). 

For the above-mentioned reason, it is important to per 
form anodizing after making the resistivity of the Si Sub 
strate substantially uniform in terms of depth in the vicinity 
(e.g., a region from the Surface to a depth of about 100 nm) 
of the Surface in forming porous silicon without a low 
porosity layer. Porous silicon having a reduced low-porosity 
layer is considered as useful not only in the manufacture of 
an SOI substrate but also in other application fields. 
The present inventors have confirmed that annealing at 

200° C. for 20 min in clean air makes the resistivity of a 
p-type Si substrate substantially uniform in a direction of 
depth, and no low-porosity layer is formed in the resultant 
porous layer. 
As for adverse effects produced by diffusion of hydrogen 

in a wafer and measures against them, several proposals 
have been made. These proposals are not intended to form 
a porous layer having a uniform structure. Japanese Patent 
Laid-Open No. 7-45573 discloses a method of outwardly 
diffusing hydrogen diffused by etching or the like, by 
annealing at 50 to 200° C. for 15 min to 24 hr in clean air. 
Japanese Patent Laid-Open No. 5-21371 discloses a method 
of outwardly diffusing hydrogen diffused by plasma, by 
annealing at 350 to 500° C. in an inert gas or vacuum. 
The resistivity of an Si substrate in the direction of depth 

can be uniformed by annealing as described above. Anneal 
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8 
ing is desirably done in a non-reducing atmosphere to 
prevent outward diffusion of a dopant. For example, in 
addition to argon, nitrogen, helium, or the like generally 
used in the semiconductor manufacturing step as an inert 
gas, clean air or oxygen may be adopted. Especially if an Si 
Substrate is annealed in an atmosphere containing oxygen, 
an oxide film is formed on the surface of the substrate, which 
prevents outward diffusion of a dopant. Prevention of out 
ward diffusion is disclosed in Japanese Patent Laid-Open 
No. 8-306682. Since annealing in an atmosphere containing 
insufficient oxygen causes outward diffusion of a dopant, the 
annealing temperature is preferably less than 1,100° C. 
As described above, annealing the Si substrate 11 at 50° 

C. or more in oxygen or at 50° C. to 1,100° C. or less in a 
rare gas before anodizing Suppresses generation of a low 
porosity layer in the porous Silayer and makes it possible to 
manufacture an SOI substrate having a small number of 
recessed defects (including pinholes). FIG. 11 is a view 
schematically showing the structure of the vicinity of the 
surface of the porous Silayer 12 obtained by anodizing the 
Si Substrate after annealing. As described above, annealing 
at 50° C. or more is disclosed in Japanese Patent Laid-Open 
No. 7-45573. 
A reduction in a low-porosity layer in a porous Silayer 

can contribute to uniforming the thickness of an SOI layer 
to be formed. As shown in FIGS. 2A to 2C, the low-porosity 
layer 102 can constitute a part of the nonporous single 
crystal Silayer 13 in forming the nonporous single-crystal Si 
layer 13 on the porous Silayer 12. For this reason, in-plane 
variations or variations between substrates in thickness of 
the low-porosity layer leads to variations in thickness of the 
nonporous single-crystal Silayer 13 and eventually leads to 
variations in thickness of the SOI layer. If an Si substrate 
purchased from a wafer manufacturer or the like is directly 
anodized without annealing, in-plane variations and varia 
tions between substrates occur in resistivity of the surface 
depending on the wafer manufacturer or processing state. 
This causes variations in thickness of the low-porosity layer 
in the porous layer to be formed, resulting in variations in 
thickness of the SOI layer. Hence, making the resistivity of 
the Si substrate 11 substantially uniform or adjusting it in the 
direction of depth by annealing or the like can contribute to 
reducing not only recessed defects but also variations in 
thickness of the SOI layer. 
A material substrate on which the porous layer is to be 

formed is not limited to a p-type substrate. For example, in 
an n-type Substrate as well, the structure of the porous layer 
to be formed can be controlled by adjusting or controlling 
the resistivity of the surface by annealing or the like. Also, 
the material substrate is not limited to a single-crystal Si 
Substrate. The present invention can be applied to, e.g., a 
Substrate made of a material other than silicon as well as a 
poly-Si Substrate and an amorphous Si Substrate. In per 
forming annealing to adjust or control the resistivity distri 
bution in the direction of depth of the material substrate, a 
gas used is not limited to an inert gas or oxygen. 

EXAMPLES 

Example 1 

A p-type Si wafer of 15 mS2 cm was annealed at 400° C. 
for 1 hr in an oxygen atmosphere and then anodized. FIG. 3 
is a graph showing the result of evaluating by SR measure 
ment the dependences on the depth of the resistivities 
obtained when annealing is performed and when annealing 
is not performed. Annealing decreases the resistivity in the 
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vicinity (a region at a depth of 0 to 100 nm) of the surface 
of the Si wafer and makes the resistivity in a region at a 
depth of 0 to 300 nm substantially uniform. A region at a 
depth of 300 nm or more is also estimated to have a similar 
resistivity. FIGS. 4A, 4B, 5A, 5B, 6A, 6B, 9, and 10 are 
graphs and tables showing the dependences on the depth of 
the structure of porous silicon when annealing is performed 
and when annealing is not performed. These data were 
obtained by diagonally polishing the Surface of the porous 
silicon formed on the Si wafer at an angle of 0.5° and then 
performing SEM observation from the surface. Anodizing 
after annealing makes the thickness (FIGS. 4A, 4B, 9, and 
10) of a porous wall between pores, porosities (FIGS. 5A, 
5B, 9, and 10), densities of pores (FIGS. 6A, 6B, 9, and 10), 
and mean value of pore sizes more uniform with respect to 
the direction of depth. They fall within a range much 
narrower than a tolerance required at present. 

Note that in FIGS. 4A, 4B, 5A, 5B, 6A, 6B, 9, and 10, a 
pore size is the diameter of a circle obtained by converting 
the sectional area of a pore in a plane parallel to the Surface 
of the Si wafer. In measurement for obtaining these data, the 
resolution (precision) in the direction of depth depends on 
the precision of the polishing angle, measurement precision, 
and the like, and is hard to measure at Sufficiently high 
precision. The precision in the direction of depth was 
ensured by performing SEM observation from sections in 
addition to the measurement. The actually obtained preci 
sion in the direction of depth was about 2 nm. The porous 
wall thickness and the pore size depend on the resolution of 
an SEM and their values can be measured at a precision of 
about 1 nm. When measurement is performed a large num 
ber of times to obtain a mean value, about 0.1 nm can be a 
significant difference. The density of pores represents the 
number of pores in a predetermined visual field and can be 
measured at Sufficiently high precision. The porosity repre 
sents the total sectional area of pores per unit area, and the 
precision of the porosity also depends on the resolution of 
the SEM. The porosity is obtained by measuring a large 
number of pores and can be measured at relatively high 
precision. 
As can be seen from the FIGS. 4A, 4B, 5A, 5B, 6A, 6B, 

9, and 10, the thickness of a porous wall in the porous layer, 
density of pores, and porosity are substantially uniform at 
least in a region at a depth of 0 to 150 nm from the surface. 
In a region from the surface to a depth of 5 nm out of this 
region, pores in a porous Silayer are filled up in forming a 
nonporous Si layer on the porous Si layer. The porous 
structure in the region from the surface to the depth of 5 nm. 
does not require consideration in terms of a reduction in 
recessed defects which may occur in the SOI layer. A region 
at a depth of 100 nm or more from the surface is a region 
(i.e., a region which is not affected by high resistivity in the 
vicinity of the surface) which does not become a low 
porosity layer unless the anodizing conditions are changed 
during anodizing. The region has a porous structure coinci 
dent with the target structure and is uniform. Noteworthy 
among the experimental results is the fact that the porous 
structure (this is quantified as parameters such as the thick 
ness of a porous wall in the porous layer and/or density of 
pores and/or porosity) in a region at a depth of 5 to 100 nm 
from the surface is substantially uniform and that the porous 
structure in the region is Substantially equal to that at a depth 
of 100 nm or more from the surface of the porous Silayer. 
The above-mentioned experimental results were obtained 

by uniforming the resistivity in the vicinity of the surface of 
the Si substrate on which the porous layer is to be formed at 
high precision in the direction of depth, as shown in FIG. 3. 
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10 
However, the uniformity in porous structure of the porous Si 
layer only needs to be obtained within a range which 
satisfies the requirements for an application using the porous 
Silayer. 

If each of parameters such as the thickness of a porous 
wall in the porous layer and/or density of pores and/or 
porosity in a region at a depth of 5 to 100 nm from the 
surface of the porous Silayer is half to twice the reference 
value, the porous Silayer exhibits an effect more excellent 
than a porous Silayer obtained by anodizing the Si substrate 
without annealing. The term “substantially used to describe 
the uniformity of the porous structure, porous wall thick 
ness, density of pores, porosity, and the like allows a value 
half to twice each reference value. To value not the produc 
tivity or cost efficiency but technical effects, the uniformity 
is desirably high. For example, as demands for a decrease in 
thickness and an increase in Surface planarity of an SOI layer 
grow, the uniformity of a porous structure must be increased. 
In the future, uniformity defined by a narrower tolerance 
such as 0.75 to 1.25 times, 0.8 to 1.2 times, or 0.9 to 1.1 
times each reference value can be adopted. 
The above-mentioned reference values can be set to be 

equal to the values of parameters such as the thickness of a 
porous wall of the porous layer, and density of pores at an 
arbitrary depth of 100 nm or more (e.g., a depth of 100 nm, 
150 nm, or the like) from the surface of the porous Silayer. 

FIG. 8 is a table showing the roughness of the SOI 
Substrate having undergone removal by etching of residual 
porous silicon after the division step. By annealing the Si 
substrate serving as the material substrate before forming the 
porous Si layer, each of the Rms value and P-V value 
decreases to about a half. The Si Substrate was annealed 
before anodizing in manufacturing an SOI substrate having 
an SOI layer with a thickness of 20 nm. The number of 
recessed defects including pinholes decreased to one-tenth 
to one-hundredth, compared to a case without annealing. 

FIGS. 7A and 7B show results of evaluating and com 
paring by X-ray reflectance (XRR) measurement the densi 
ties (g/cc) of porous silicon when annealing was performed 
and when annealing was not performed. When annealing 
was not performed, a high-density region, i.e., a low 
porosity layer was observed at a depth of 5 nm to 30 nm. 
When annealing was performed, a low-porosity layer was 
present only near a depth of 7.7 A from the surface. 

Example 2 

A p-type Si wafer of 15 mS2 cm was annealed at 150° C. 
for 30 min in a nitrogen atmosphere and then anodized. By 
performing annealing, the thickness of a low-porosity layer 
decreased to a half that of a case without annealing. The 
number of defects including pinholes in a manufactured SOI 
substrate decreased to about a half. 

Example 3 

A p-type Si wafer of 15 mS2 cm was annealed at 900° C. 
for 1 hr in an oxygen atmosphere and then anodized. By 
performing annealing, the thickness of a low-porosity layer 
became 1 nm or less, and the number of defects including 
pinholes in a manufactured SOI substrate decreased to 
one-tenth to one-hundredth that of a case without annealing. 

Example 4 

A conventional manufacturing method may often cause 
defects. More specifically, in-plane variations of 10 nm or 
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more may occur in the SOI thickness due to variations in 
resistivity in the vicinity of a wafer purchased from a wafer 
manufacturer. By anodizing after annealing a wafer at 400° 
C. for 1 hr in an oxygen atmosphere, variations in thickness 
of the resultant SOI layer became 2 nm or less. 

Example 5 

A gas adsorption sensor can be manufactured using 
porous silicon without a low-porosity layer. When an Si 
wafer was anodized while the resistivity in the vicinity of the 
Si wafer is nonuniform, each pore in a low-porosity layer 
converged, and the conductance decreased. According to the 
present invention, by uniforming the resistivity in the vicin 
ity of the surface of an Si wafer and then anodizing the Si 
wafer, entrance and exit of gas with respect to pores can be 
facilitated, and the conductance can be increased. 

Example 6 

A biosubstrate can be manufactured using porous silicon 
without a low-porosity layer. When an Si wafer is anodized 
while the resistivity in the vicinity of the Si wafer is 
nonuniform, each pore converges on the Surface, thereby 
resulting in insufficient utilization of porosity. Also, it is 
difficult to perform cleaning, and hydrofluoric acid derived 
from an anodizing Solution remains, which may destroy 
proteins and DNA. According to the present invention, by 
uniforming the resistivity in the vicinity of the surface of an 
Si wafer and then anodizing the Si wafer, the convergence 
of pores can be prevented. Also, hydrofluoric acid hardly 
remains, and the resultant substrate can readily be utilized as 
a biosubstrate. 

Example 7 

An MEMS can be manufactured using porous silicon 
without a low-porosity layer. When an Si wafer is anodized 
while the resistivity in the vicinity of the Si wafer is 
nonuniform, a thin film is formed on the Surface, and thus 
the Si wafer is not uniform as a material. For example, only 
a low-porosity layer may peel off during etching and serve 
as a foreign Substance. This may cause operation errors. 
According to the present invention, by uniforming the 
resistivity in the vicinity of the surface of an Si wafer and 
then anodizing the Si wafer, an MEMS material uniform in 
thickness can be provided. 

Example 8 

A liquid junction Solar cell (Graetzel cell) can be manu 
factured using porous silicon without a low-porosity layer. 
When an Si wafer is anodized while the resistivity in the 
vicinity of the Si wafer is nonuniform, each pore in a 
low-porosity layer converges. For this reason, the Solution 
displacement efficiency, light absorption efficiency, and col 
oring agent introduction efficiency are low. According to the 
present invention, by uniforming the resistivity in the vicin 
ity of the surface of an Si wafer and then anodizing the Si 
wafer, entrance and exit of light or coloring agents with 
respect to pores can be facilitated. 
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As can be seen from the above description, this specifi 

cation focuses attention on the uniformity of or a change in 
a porous structure in the direction of depth, which can be 
evaluated at a high resolution (high evaluation standard) of 
e.g., not more than several nm or several ten nm. The 
specification has a viewpoint totally different from that of a 
technique that pertains to uniformity of several or several ten 
am or more. More specifically, evaluation of uniformity at a 
relatively low resolution does not indicate uniformity in a 
technique as disclosed in the specification. 

According to an aspect of the present invention, a porous 
structure with high uniformity can be obtained even when 
evaluated at a high resolution (high evaluation standard) of 
several or several ten nm or more. 

According to another aspect of the present invention, by 
using a porous structure with high uniformity, a high-quality 
member (e.g., an SOI substrate) can be manufactured. 
As many apparently widely different embodiments of the 

present invention can be made without departing from the 
spirit and scope thereof, it is to be understood that the 
invention is not limited to the specific embodiments thereof 
except as defined in the appended claims. 
What is claimed is: 
1. A member which includes a porous region, 
wherein in a region at a depth within a range from 5 to 100 
nm from a Surface of the porous region made of silicon, 
a thickness of a porous wall between pores, a density of 
pores, and a porosity are substantially uniform. 

2. A member which includes a porous region, 
wherein in a region at a depth within a range from 5 to 100 
nm from a Surface of the porous region made of silicon, 
a thickness of a porous wall between pores, a density of 
pores, and a porosity vary to have values half to twice 
corresponding reference values. 

3. A member which includes a porous region, 
wherein if evaluation is performed at an arbitrary depth 

within a range from 5 to 100 nm from a surface of the 
porous region, a mean of thicknesses of porous walls 
between pores at a predetermined depth within the 
range is half to twice a mean of thicknesses of porous 
walls between pores at a depth of not less than 100 nm 
from the Surface of the porous region. 

4. A member which includes a porous region, 
wherein if evaluation is performed at an arbitrary depth 

within a range from 5 to 100 nm from a surface of the 
porous region, a porosity at a predetermined depth 
within the range is half to twice a porosity at a depth of 
not less than 100 nm from the surface of the porous 
region. 

5. A member which includes a porous region, 
wherein if evaluation is performed at an arbitrary depth 

within a range from 5 to 100 nm from a surface of the 
porous region, a density of pores at a predetermined 
depth within the range is half to twice a density of pores 
at a depth of not less than 100 nm from the surface of 
the porous region. 

6. The member according to any one of claims 1 to 5, 
wherein the porous region contains silicon. 


